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(57) [££)] 

[HUB] &mnfc* * y ©»f^+^*ift5««XO!Sj» 
fit's/ H»SSs©v^n*»fcA^J-r5wi^J;!J, 



12 (-yXhvtyK) 

, 3 —| »aU | 
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mm* * y -fe/w^r ^ <o— <omiSK— -);(r>n,m& 

t N 10 

k h i [attars i b f- U u^^*miiB5iil«^ici£ 

t 4-#mt-r5f**« 1 iE*&c03£f§«#:p< y „ 
(-IB*03S^m^ ^ * y „ 30 

{ug(c&^ r t &#mt-t-5tit** 1 3 (Di^-rtifa 

1 o(ciE*<D5fi^m#:^ * y o 

nffi,i&f-AmM.£tit£Wi 1 cox-f y^k. 

MISS? 1 ^ y -fe/l^ ^V^cOte^cOSffil-Sic;* 

iWifgl co^V- hi^ir . 

lC^^^C^lW!7-Ki^t. 50 



2 

it, loco^m^^W-r-5^2(Op<^y-fe^ 
$rf<z/9 k , 

^^2(07"^- YUk. 

mmm2(o^-i yj-n^nmrn^^mm^ixtc^m 

flMBlRl, §2©y- KJft«>4»ft< tfcv^tt^t lo 

< kh^-Ftifri^&^xmm^tcik, HtriESBi. « 
y. 

■=& y -fe/W^r-v/^^^ 
YWkk, 

t. 

$nfcy-Ki^i. ^^7S5«mcoy^y-(r/w$r11x. x 
Bfrl5!7- KjtH(w J: y HfflS^-Y y?-**7 Lfc^ffiT-MIE 

/•«v^^ co— -^(owm k mj;<DmM t <om^^am^m 

k-tz>%mmw* * y . 

=t j>m%x£htcm 1 cox-f y ^ t , 
WfB^y-fev^-v^i^wffc^cDmffiK— ^comjES 

mm^2<D^ y^<Dm%<onmm : f-izmm£jh>frfttfi 

\fy Ytikk. 

y-fe^^x., SftfE !7 — K££tc J; 9 SflfS^ 1 ULlfffc 2 co 



(3) 



&M2 O 00-268599 



3 

<Dfflizmmn&i£m<DntiLmAmt>z> x 5 \z intern, m 

IE;* y -fe^^r -r * <0&RmttffitcKttffi4R tlx 
9 ] < t> 1 oO»f|«#:aK:*^S * 

h «^ f-*a tegs* £ *x>fc 17 - k*w* e> 4 5 ^ y -t?^ 

VM^£?t?$&4<DX4 y^k. 

k, 30 
M IE tf y YWkkmfo^y H8tW37^XtW37 

a k m-<Dm&mj&*^~tz>m 2<D*9^k * 

WfE!7- Kjfcfc^VLteRflrc* |g 1 tf> # 9 A (7) ^ y 
9 1ST kit, * ^ey -te/uTU't <D— J&Ktt^asasCTBffc: 

^ ^y 0 

[0 0 0 1] 



4 

[0 0 0 2] 

[«*<o«flf] ^5ftBf«fls^^y ttt, 

fflJLH 1998 ^OVLSI Circuit Symposiumf^iolt 5 "A 
42. 5mm2 1Mb Nonvolatile Ferroelectric Memory Utili 
zing Advanced Architecture for Enhanced Reliabilit 
y " (VLSI Circuit Sympo. Digest of Technical Paper 
s, pp. 242-245,1998) k 3b Z> 9 ^<&X$kX* 

<Dm&k&m&7F£tix^z> 0 

[0003] 111 7 (a) iZ^XolZ^ Z<Dl*1f\? 
y h femmfc* ^Vtej^eV t;vr M^3 2 fio^ ^ 
yt;^a yi ?5 0i:»ll$^ a HI 7 (a) -ClSJt 
ffi'Jco l 6M<D^ ^ey -fe/u^n ^5 0 O^SttttLTV^ 

[0 0 0 4] 117 (a) (C^-r^SI®^^ -ey 

=3-^^$^ ±>xT>7>&fti,x*:<Dmmiz* 

*y*t/uzf* y? 5 O^gBfi^tt^c ^fc, fi#*rpl^ 

3-^i:/U-FK7^^«^ HI 17 (b) K 
^i-y ^ey ir/Hi, MOS F7V^^ l^fe*5^>r 
PZT (P b Z r (T i )Oa) 

u-h^PLt, t: y hm&L kfrbmf&anzo 

[0 0 0 5] ^*3, El 1 7 ( b ) -Ctt. 1 fi^MO S h 
9 >*J*9 k 1 1@(7)-feyu^r-r^->^^e>*5 1 h 7 >is 
(JKT1 T- 1 CSi:^) 

^ey ^r/^s^^u-cv^s*^ 

2 fic^y y ir^^^u- hiPL LtSf 
5iSi-J:5»c»fillS*t5. 

[0 0 0 6] «^»M-r5J:5K, /i/-h»PLl:« 
[0 0 0 7] 117 (a) l^-f-J: 1 *(Z)7- K 

stt^^s, ^u- h^p Ltemfc^y^xTfk-rm&y* 

y? 5 0lzK^Zb<DtZVAmW}£ti* t^7V/lj: 

[0 0 0 8] (1) aR^lR^ny^Srilrttl 

tea* ^> iryKD^- ^ »ttJK 5 tt/^ v \ 
(2) 2*cO!7- Ymv\*<DzfU- h^a4r*WbTV^ 



(4) 
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[0 0 0 9] L^U -<^5:»(-^$tb^:^W^«it 
Covn^PM^ 3 ^ 1/-^ D I AMON 10 

DXtflel&v'^ ~ l/-^SAPPH I RESr/fl^TS&ffi: 

* v > r i 75 ^ a * 4 o e 

[0 0 10] -T^to*,, K*fflb»^^*5»t5E«X 

[ooii] mm ( i ) ( 2 ) 3fitc*f lt r ofji 

(1) !7— KJftitfy MIL 20 

(2) ^lKy-KMI<?)t;^t^>^(D/U-h^ 

[0 0 1 2] tfcfcB 1 8 7!7SHI 2 2 SrJB^TflWrtt** 30 

mmz.mw-rz>o ^^x&m^m^? t-tzt^v^/i- 

^j^^RI#<o^ai^#^ittTv^* [0017] 

!7- KJ*fc±.«MtttlB0>** 



BttWHfejWC$ftT^*V^ FRAM (Ferroelect 
ric Random Access Memory <DB&fto 0>"fe/VflfifW s H 1 

8 Rttm i 9 <o£ o tz±mm t mm m&m-t z> h<otm 

7£L,xMVrZi=fotc 0 

[0 0 13] m 1 8 t^i-FRAM-fe/KO^pffifltjgfi, 

|&5 2Cfiott'7 1XT>*!7- Mft5 2 ©BIKE 

-M£5 3t, -eco±^m^5 4 VU^ySSiC 
It, l«B<07Vi^K*ft (EIT-1 A 1 ilStt) 

[0 0 14] miEFRAM-fey^WrffiWitSrBI 1 9 iz^jk 

t. bis kttfc^zmj&mm\zm-<D&mm^&ttL> 

X, B*4tfUq&«fti-S. HI 9TfttSfoKmi 

itM5 5 a <t. v-y 3 V*«5 9t, MO S h7> 

WN;y^T*^LfcSB5H*S i O2 

[0015] mi 9<DWrmm&frb. y^—bms 3^ 

!7— KH5 2 IfP^MOS h7^ 

[00 16] 3tegiv/;^l/-^DIAMOND^ 
fflVv<\ «MBFRAM<0-feyH»iS^o#, 



**3!7 — KJS5 2t If y h«5 1 k<D&mUKtettZ>m 

->y ^y^Ticy-^/KK v»i6 oco n + ^ 

tf*. «*lRlt£*^J:OJt«0. 1 7 5^mmv^ 

[00 18] ZZ-Qltt<0\?7 Mft5 1 3d5 x 5 12*(0 
!7-K«**fcCi:i"*ttf, ifsy M»(0#^**ri— * 

(6. 1 3 9 + 0. 9 9 1) X 5 1 2/4 = 9 1 2. 6 
4 f F 

[0 0 19] S«_h^n + t£«Jifc=i>^^ h£r 



F/ M m2 ^ UTf+a 



. 6 8 f F 

. 2 8 f F 

. 1 3 9 f F 

. 9 9 f F 



40 



Ht, ®a^^r0. 4fF/Mm2,TO*0. 37 f 



50 



(1. 6 4 + 3. 1 0 8) x 5 1 2/4 = 6 0 7. 7 4 
4 f F 

Sifil 5 2 0. 3 8 4 fF^/^^ 0 
[0 0 2 0] «±<0^*SrFRAM^fiBHIK(cA* 

tx i *f ^ if y b m zmm-t ^^^74 -jfoteb * 

[0 0 2 1] wOfffllUKSrfflVN-Cv'^ a Iz-v'a 
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mmvitm^s 020 u> \z^irxo\^— kj»i* 

y hi^om^^y^y V^ICJ; <9H2 0 (b) . H12 
0 (c) C/TtJ:5SEftt5:i:^ofc. 

[0 0 2 2] -*-4to*>, ±fflJSffif*!7- K«©at*>±ff 
ft:2 0mVl#U 55c*>T«f^f-3 0mVT»i-5o 
ifclfy Ultt, V— VWL<OSL'h±}fmz. 1 4mV±# 
U 4*>TlMl:l2mVTBt5 0 

[0 0 2 3] v'^Iz-v'a >fCdott-55>fii 

^u-h^ (tsb««) ^feify (± io 

VBL (/I/- h^P L t t> h^B L t(Dlfif ) J**;© 

&£3ii-s s/^oifsf muc^s^y >^ 

So 

[0 0 2 4] r©J;5 4»^ 02 2 0txry v^ft 20 

[0025] j^_b. 7u-bmAmwj£tiz>ffi<Dmpgx* 

[0 0 2 6] 02 1 (a) h»ffi»tdJ;5 7 p U' 

- vmn^Komt^-t^^ ^ k m2i 

[0 0 2 7] 02 1 (b) i^tJ:?^ hi»tf> 

[0028] £Lk. «#<bi t- i cwsmwfc***) 



8 

(KT2T-2CIt»*t5) &mm&* 

[0029] r^^*ytt^#3Sttr-tt*mbd«iasji*- 

frixS X 5l:4otSft. 2T-2CSFRAMOt;u 
fl*ig0>W«MU 3tWil8, 01 9£ffl^Tift9§LfcJ: 
tr* H6S:2JHa(^r/i^^gB»T??gA8;b, ^mm 

[0 0 3 0] 3 Sxlfy; ^ U— DIAMOND 

itOt^O. 2 4 9 pF. :tiit*^h»t^ 
*S//yy^Sf«0. 424 f Ftftt), i^y mi: 
£i|g3. 3 V(D|&#«EE^*Dfcixtf, ±£&m®J2 5. 6 

2T-2CIFRAM(DIS^, 1 IB 3r 
t^^*2fiWMOS h7^^^^ "Cfct $ hft 2 T — 

[0 0 3 1] (U.S.P.4,888,733) 0 

[0 0 3 2] :^FRAMft Ettf*-* 4:5*^1*^ 

:^(:ov^T«, a.ft$8n^SixTVN-5 2T-2C^F 
RAM^l^ii±(D 1 T - 1 C^FRAM^^T* 

[0 0 3 3] jfe(:^c2T-2Cim \f y hr&B 

fig m £ 5 ^ H 5 * v * t v * 5 * U A t > & £ & ffi . 1 fi <^> 
ir/i^S: 21@<£>&5t«#3r*>'*>'* 2fl§<DMO Sh7> 
y x * T*fE 5 tf> K B53£SKfc J£ «t ^fij x-$>z> 0 
[0 0 3 4] — ^ 1 T - 1 CSltrfl. Itg^.STIi 2 

X, 2T- 1 C^FRAM(D[H]5§*^;^l^0Jf ^>o 
[0 0 3 5] @23(:^t2T-lClFRAM<^^^ 

(i, j fiS^S) 2 
MO S h^Vv 5 ^^ 1 coy- Mc}ggE£ixS!7- K«W 

Li tuSMOS h7y^^ioy-^/KKy 

f^-ttb-e^ggJK^ttSBLO , /BL0 ~BLj , /B 
Lj i^45^y htt*>&«/*£*t*. ^n^^t^^h 
iHttBDO , /BDO -BDj . /BDj 
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[0 0 3 6] >f a^-f iFWt, MOS h7V^^3(Oy 
- ^74 Xm j %VEQ&-$-?LZ>- t\Z± 9, BLj 

, /BLj W>b45 l»<Dlf</ MfcSrSV^SBttL 
0 Vfcfigflfi-rs r. t |C J: 9 F R amoSSjSSc^UJ L£ *T 

[0 0 3 7] MOS h ?Zs*J*9 1 7 ^fe*5«'Piffl^' 
-htt, {f-^V^tO , V*tl ICfcD, IME^^y-feyW 

«EEV/SAI\ VSAN ia^)gttft$tt, HUfH 1 M<£> fcf 3/ 

[0 0 3 8] MOSh7^^8^?)45DQ (Data 
Quest) htt, CSLO -CSLj ^ Ai? 

[0 0 3 9] H 2 3 fc*-*" J: 5 f-, 2 T - 1 C^T'^^ 

-XF^-^ EDO (Enhanced Data Output) „ ED 

[0 0 4 0] Lt^U lf7 h/»Sriil^TIBl&*ttSO« 
h7VX77-y- hMOS b7>i?X# 1<D 
>f ^ 1 6 fc/hS < TiWliK, ^u- h»t>#4U?SVN 
[0 0 4 1] r^tEDO^Ii, Vt — ^ h'*— 

iims 0 77-^K-^Ktii, !7— K**a 

5»*Srlft*nU CAS<^iU^9S:#fcf|:r^t 

[0 0 4 2] 77- * h^<— v^^e— K"t»B6fNl*->f 
W-jftSHJt^ftS. EDOT*fiCAS(7)3iW^7^ 

[0 0 4 3] Sfc, ED04r$^^3g^L<t 5 

[0 0 44] 2T - 1 CfFRAMfi, ifcfSffc <b V ^ 9 
trtt^* <H2T-2CIFR AM J; 9 teWfiJT'fc 
9, £fc, #MmffiSr^55^5l^/ < cv^i:v^5*J^^S> 



10 

5. I02T-lClFRAMftiit ft* (U.S.P.4, 
888,733) t LT 9 ^ h n >ttJ; 9 *3fe^*>ofcco*T'* 

[0 0 4 5] 2 T- 1 Cl!FR AMOi?/M#i£fC*tLT 
tt^EBI^Wrffiiatt^^^Tfcfe-t 6 , LfciPoT, DI 
AMOND(DftI^'b4$^tV^^^ > %{Z(D-<tz 
1 T - 1 T - 2 CIFR AM^«t 51^ 15* 

^-^Srirv^x^fcJ; 9JtKit«i-«IK. try Hft 

[0 0 4 6] :<Di9C2T-lCSFRAMm tr 

*rtntftt&*v^ w^lHJBf*&i*Lfc 2T-1CM 
-v%ft^mj&iz-ttB&-i-z>h<ox*i>z> 0 framo 

[0 0 4 7] S£3feFRAM<^(g;?H»«^btcoVN 
T*S*tfca«HB8I^H3lbT, 2T-1CSFRAM 

[0 0 4 8] 5fefC|3 17(01T-1 CIFRAMCOV^ 
X<D^<fc£ 0 iz, t^7WSr3 2i^P5'^l:^il 

[0 0 4 9] :©tt l7-KIHtt#3M?^ny^*r« 

[0 0 5 0] ^(D^tlJj£V£^(D2 T- 1 ClFRAM 

40 37^x»UK7^7X, -ferv^T^^Sr^^^r 

<DW<o*f»SrKMi"Sfc»*c: % 2T-lCM(OFR 
AMOS*W4i^ttl blftf^fcoVNT^^So 
[0 0 5 1] 5fetciH2 3SrfflV^T»MUfc«E3fe^2T- 
1 C^FRAM(DIh1^^c^ov^T. g|2 60^-f ^ ^ 
^fflSRAM(pseudo-Static Ran 
domAccess Memory ) ^e— Kf^l i ^ii^CO^^ttJ bfd^ 

50 [0 0 5 2] (1) »^BB*ft^*>fcO, 4tOT-K 



(7) 
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Xmff VEQSriS \"<;V (WT "H" fci-S) 

(2) /RAS( RAS; Row Adress Strobe bfaW* 
{I-5§0 £TP££-t*:, /CAS (CAS; Column Adress 
Strobe i Srrttil^lJBUTai^itfSo / 
RAS^T^y^^TK^RAO /CAS 
©±#xy;;-c*7A7K^CA0 £&9i£fro 

(3) Win^T KU7RA0 £7*3 — K LTji#?#J(- 
!7— Kj»affiVWLiSrSt*,±*f, *7A7K^CA0 io 

EQ00£r "L" tU ^f3 7>fXS:i^ 0 !7-K»« 
lEVWLi <OSc*>±»f t^^— ^O^glffl^— bMf±V 
4>tl £#EEU /BLO fcfflA-f-SIEIfrr-* Srir >- 

(4) -f 3 Mltttfciav* 
— jj<0\?y h$LB LO £0 va>kVccf£#JEU S 

t/0Vl:gf o ^r<7)^v<*>tl S:OV^MbT/BL0 
l^MOS h?^^ 1 7*^7t5Cfci:J:9, ffl 
^J^— ^Sr-fcr^xTV^S/AcD— *<d;- K 1 20 

[0 0 5 3] g^JiCBLO ^fe/BLO (jE* 
Ir3) <0#«#1rA'3r*'*$'*fc "0" r-^tt"C«t 

t^B8««, HI2 4 (a) (Dt^ryv^ftH±l^t 

v*— * i: LTS^i&Sti/Tl^fc*^ 124 (b) <£>t 

£iIDT/BL0 SrVcclC#ffiUfc««, ®IVBD0 30 

0 V t^M 3 o 

[0 0 5 4] Pal3<a©fc<3><&ra« 
K:fc*UfcJ:5fc:* A^rR3^ffiP^»#a**uTv^ 

[0 0 5 5] (5) J*^TV0tO SrfflV^BLO iRUco 
MOS b7lsi?X# 1 7^tyUctkBL0 £Vcc£ 
^EtWOVfcmtiaoTBLO fc««f«:BE 

[0 0 5 6] ft«J^E*|RJ<0^ffiP^s#^ii$J^-cv^fc 40 

2 4 (a) ©t^r y v'Xfti^Ogc^^^U/'cfL^Srffi 

4 (b) o t y v^^ (i^ ifctliB^I 
< Q Wia^*3V^T©tttrs/ h«l K7^^BD0 £iI£T 
BL0SrVccfC#BEbfcfc(Ot?feSo i^OllBLO £ 

[0 0 5 7] iV^BLO i(DMO S h7>^^ 1 7 
^Sr-feV^TV^S/AOfa^r 
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"To 

[0 0 5 8] ::t'll/i:^l *l7JtciE^^]<D^@ 

1ft tc J: ottfi f--b#i" S ^ S> 5 fc #> % B 

[0 0 5 9] — ;g\ **BK**lSlO»ai3»s«*»*frv^ 
/BLO (7)«ffifift^O^/U^K»«>«iiSV^« 

[0 0 6 0] CO»^^*3V^Ttt, If5/h»»>f3 7>r 

mm. *7At^mcLs©ii{?t*7A7Ki/ 
[0061] (6) mm^mmv- hmsv^to . 

Vtfrtl £ "H" Htl:^7hS^MOSh7^^ 
* 1 7 &&lz*>>k U i?/W;ipf»#&*SrfTo 

[0 0 6 2] 02 5<^(HK«^B12 2 S:?SI$*fe fc 

[0063] 0 2 5 <tl]2 2«:Jfc|RLfc»g\ ^ y -i? 

-§\ RO'DQy-hS:, ^7A7Ki/^^-KUc 
«#CAj ANDy- h 2 2 , 2 

6, 2 8, 3 OfcJ; 9 1 * 9 t 

ittfxfrOVLSI Circuit symposium£>3g^cS-*3£ , 
««(:2T - 1 C^FRAMfrigfflUfctcO^fc 
5 0 rtt(^L, 0 2 2coj;5^tS**|g$*tfc2T 
-lCSFRAMm ^2/M*K5>f^, 

[0 0 6 4] Lfc^oT, T-ymmzwtfra-t-?*—* 

»m^^Ttf 5r t^T*#5 0 b^L, I<Z)FR AM(e1 
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[0 0 6 5] mx.&m2 7iZ7jkir&0^ *yh>7Y\s 
*CAj ~CAj+3 *&mz "H" . "L" ^tt, 3 
7 A i 7 A^5£|r -f-ftfo 

t>iltR£*xfc j #0^7 ? j +2t^7A^Wl: 1 
j + l#<0#9AasS&S*t£ «t 5fc:#«U ^gP(Oj 
|pJSt/"fe>^iS*iOje*^|12 7 5 left 5« 

£\ ^-K^tt^^UTV^fc*^ j#Mj+2f 

^Ci j+l^j^«ffiWt-«ffi^3ft s *^L^ #18 P a* 
[0 0 6 6] Z<Db£. *Hi[©*7Att>f37^XS 
b©BW:*Ct, WIE»0-&5trs/ HftSriiDfc*^ 

[0 0 6 7] 

CO 1 T- 1 CSM2T-2 CffiFRAM@»tt#3M4 
^ny^l^VNt, !7- Ki&i: tfy hj»^<D^5/^y > 
^icj; «9 »7- KJWS^UfcWctr* h^^r^UT^il 

[0 0 6 8] «(^2T-lClFRAM(Hjieo 

[0 0 6 9] *«Wtt±BO|WMjft«:**i--<<ftS*t 
fcfccOT-fc 1T-1CIM2T-2CIFRAM 

[0 0 7 0] #^{g;^»m^ffl^5Scfi$ixfc2T 
-1CSFRAMW\ — »t£lf y hjfea^tf)^ * 

«W^«oT^fe»*fflU»f^Sri-SCfc^J;0, Kit 
7^-* t bT«#a*^fc»So«^>S:Ka^fRilB"t-S 



(8) WM 2000-268599 

14 

[0 0 7 1] 

[0 0 7 2] Afrttfcfi*«WOFRAMtt^3f#:Sffi 
10 ^^i/^i, ffllE^^y ■fe/W^r-V^v^^O— *^>««^ 

BfllE^-f yf<D^>/t7S:ffl»t5y- KB^l: 
7c<0«ffi^ Sr^ft < i fc 1 leltT 9 r t J: 

[0 0 7 3] <6F*U<ttttlE±#***!7— K*0>«tt 
fit* ii«^^Wbiti^^ioJt^miS!7-K«SmeJ:!9 

[0 0 7 4] *fe#*U<tt, iffllE^yiryu^^v- 
[0 0 7 5] *fc»*b<ttfflrlEl7— KH»4, ffilElfix 

hS^tfi^ov^t^ K7^ ^xf^-r 37>ft>e>t 

[0 0 7 6] *fc»*U<tt, mJtB— ^co«^ fl&^r<7> 
[0 0 7 7] Sfc^aS^^FRAMfi, ^<H1^ 

* y ^w*+^^*^tt*<o««fc»j|*s*tfc«s 1 co^ 

tfc 1 o^aitM^St^S 2 ^ y t;i^ 
so WEfB2<o^*y*^^^>^<Dte*<o««^« 



(9) 
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iifrieSSl* m2<DV- K^<7>>#< khis^-rtifrh 
lo^l^/WCLT, mTlB^g 1 . % 2 <n~f\y— b10k<o 

i, m2<D**y±,\s*^s<i/?<D&mmfcm{z.mm.m 

[0 0 7 8] ^tc^^m<DFRAMn, 4^£< k h 1 o 
mZtitc*^ y^k, Sufe^^ey ir^^-y^i/^Ofifi^ 

frhte&mknt^y^jv&mz-. muv- b*miz£ v 20 

[0 0 7 9] ifc^SSW^FRAMte, Hlo 

<D&mm<tmtzmmmmk uT»#a**t^«oa# 

[0 0 8 0] SfcSSKIt UMB^y -fe/Mr 

■fe/i^ y>^>* <o— Jj<dM1& k ^<DMM k <Dm\^± C 
[0 0 8 1] *fc«F*U<tt, flMESMSWWR^o^Si so 
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ttzfafroxmx'fozzk&ftmk'tZo 

[0 0 8 2] £fc#£L<te, t^hM«t^h 
[0 0 8 3] 4fc»*b<tt, fyhSMfflit'yh 
[0 0 8 4] ifc*36WWFRAMIl W<Hlo 

(D&mnfcm&m-rz**'*^? k. mm** 

^comSfiiffi^^^$tt^2 0^^ y^k. M 

mm i <£>*-r y^<D^<omm^\^mnzfrtc\?y h 

l5^^eyir/^«cr)S5iEt*5/ h^^Buffiir yxr 

y brnkmrn^^^T^mm^munm^y bmk<D 
mvm&wmmkwyffiLr&'fT y^k, 

IB^ 1 <Z)*5A^BSSUWirlB« 1 <Did"7^kW\—(0^ 
Mf&Zm~fZ>m2<D*7J±k&mx.. S(rlE!7-Klfc*^ 
vUfc («i/><;uj:lfc) ^mx\ %\(n>ti7h,<D**t 

[0 0 8 5] Sfc*«MC0FRAMfi, 1 CO* 7 

? Aici 5 at Mmm2<D%7 2± 

[0 0 8 6] fiF4U<««rlE»2<Z>*7A(^fl(r|E*l^ 
[0 0 8 7] ifcff*b<tt, mjiS^2 0^7 7A(7)HiJfE 

[0 0 8 8] *fc»*b<fi. 8tj|^7^ b^- YW)VE 
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W\ try M*Xt/**trs/ h|g£0 V^SHUS^fe* 

[0 0 8 9] iftjffiKtt, lttlEtry hjUXttttlif 
««0ii«LT?Tto*K MB'* 

[0 0 9 0] ±IBOi S^SfeTfB**^^ bm»k^ 
HaS^fcFRAM^EBWIrti^lBBjfti^ tt«U:<o io 

So 

[0 0 9 1] 

[0 0 9 2] Hltt**M©fBl«>ltll6<0»tl^««F 

TMKlt mj*£<01998 VLSI Symposium -(?38*£*l 
fc 1 T- 1 Cil *if\?y hFRAM^|^i(0'b(D^ 
V^5 e $HSOil^ F R AMfi 2 T - 2 CS^) t;H 20 

So 

[0 0 9 3] g| 1 ^*1"fB 1 <^IIJ£<£>^lg<D F R AM<D 
HmW*. NMOS 1 i»B«#*t^2^&45 
2f@<£>;^y-feA^ BLj Rtf/BLj 
(Olfy h^k 2^(DU — K^W L i £ 2 MS 

PLi jc«jftS*tfc-e h y y^^^coy ^-y-fe:/i^«c 

5NMOS 3d>&*5-f =» 5 ^ IPEIIS i: , PMOS4£ 
NMOS 5XLKfi#SEEV/SAP, VSAN a>£>#£i?^* 30 
ry/ffifttti:, PMOS6tNMOS7^fei-5t 

^ry/^ NMOS8^*7Ati/^ hicsu 

SNij\ / SNij 2 
-K(±«««) T*&5 0 
[0 0 9 4] r<0teJ&>«ffllEW6£ tt, *9^7*^-y 
9 k, P!?f3-yi0i:, /i/-hK7^^11^ 
itl5 0 Il^Ml^FRAMii, 

4, i states?-* ^[HI^e§^^^^ p ±^c>(lx.Tv^5o 40 

x Vm^fc**}^? 1 i-A;£U XVls? l<Dttijj&2 
*<^)!7-K»WLi HAA^ilSo 

[0 0 9 5] 1 CD*igCO^ffiT*«, ±I5VLSI Symp 

0. T'3S^£*Lfc<fc 5ft^U— hllP Li £2*CDu? 

(2*Wl7-K«WLi ) T-**-r5-fe/ufl|j*S:fflv^* 

(omWKOrx hmte&m^zzk&X'&Zo 

[0 0 9 6] £lTm2<D*<< ^ + — h£#M8LT 
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[0097] (1) si 2 i^-nr * h ^e— y<omi&\^9c 

tU2\ hfyhUBLj ftd^)^^^- y ir/KOir/u^f 
P*. ffitfifcTy hj»/BLj l^^^ey ir/U (^5- 

(2) h^e— Kic^v h y f^/c^C, @2C^t 
J;9tc^x hfi#TE STSrAAU K12 
Sri*Sw</w (J^Tiibi^A'^ "H" , fii/^?: "L" 
kWO k~tZ> 0 

(3) Kib^^)^^^, -f 37-f Xff-g-V 
EQ£^T "H" i:U t'yhi^BLj , /BLj Wt>f 
=J7-fX$H"L" (0V) C4oTVn5 0 $fc!7— K 
^WLi ^l/-h^PLi tt "L" (0V) 

(4) 12 2 KL^-fJ; 9^, fiJlE^* Mf-^TE S T<D3A 
JEE[e]S§ d2^-f) (cA^f^ix, 4!7-F«WLi 

*y/*7 tio^BBT-fchtf^a ttff o 1 1 J: 
l\ r^l/u-h^PLi Wt "L" i:H36**ifei* 

[0 0 9 8] ±IS(D^^ h^e- KJHBJfc:, J: 
ot«t@ 1 03 040) m&tfy£.2*i<0 

7-FlWLi ^^u^»»$tt5o *^IJ6^ffi^F 
RAMIi!7- K*fc2*SrK»i-S 2 T- 2 C^~efc5fc 
HI l [C/Tt^^rt^ 0 ^^oiay — K 
SNij ir/SNijcoM^^. H2^/h* <£;^b#:£ 

[0 0 9 9] Hll:«tJ:5l^ tf^h^BLj fii)^^ 

Sr, *H*|tr:y Mft/BLj ffliJ^^ * y ir^tdf^^^ 
fRKO^ffiP^SgriiSiXTV^Sfc*. gI2(^Ta5(-^-r 
J;5fC, BLjfc/BLji^W^^s/^y v^^ct^m 

to*,, BLjTrtt, Ji^SSffi>T)5SS«te. t4oT 
/BLjT-fi^ai^^gr^TfcS^:*, ±^ 

[0 1 0 0] ^:i2 2Srfflv^!ftPJbfcJ:3^. 
«t 5 ^»/h*^^^ttO«fflSl35 $ , §!5i|tFR AM<D 
*/u*v'*is9frtoioKt>iriZ>zklz£V) s mm (1) 

^cO^bSra^/if-frtf, *3IJScOJgli<^ FRAMED 
[0 10 1] FRAM^fHtt:^— ^SrK^a-miBoa 
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[0 10 2] u&>u ffjfE^* h-=e- K^?l#JRtfifto 
7 FRAM-feyWC»#ai*tfc»S<© 
K* 0V</i< * PS) (O^O'r^^ « £ ii^x - * £r v 

[0103] tfcfrig 2 ^^ic^-r^fcU b-e- Ki:o 

(5) VEQ£ "L" at, >f = 9>f iFSrtfBftU A^J 
$ttfcn r> r Kl/^^f^- KLX/RASfffCJ: 19 

PLi SrO V-Vcc-0 V^^/U^igift-r-So 

(6) RlCtyh»BLj , ffiWtTjy hj»/BLj \Z.Wt 

(7) -tfxwimzxox* m^mL,7*-?<D k h" x 20 

ML "L" /l/-higPLi *f?t>V^ 

(8) ^±^)1#^*T Lfci 7 - FiW L i ^kil^T 

[0 10 4] Jfc|;i|2 3, H4fc*^**«W<0fg2 0>^ 
J£^ffi,C0FRAM(COV>TSiMi-5 0 S2<DH1^ 30 
ffidfc:*3^Tfc, jfci:Bll7fK?iUfc7P7^7yS: 
fflv^o i3C, f§ 2 CD^IJfe<£>7F2flg<£> F R AMt£Ol» 

[0 1 0 5] fg 1 <DMM<DMmXte, 2T-2CIFR 
AM^oV^T^^fc^, r^T'lilT-lClFRAM 

ONMOS 1 a by*—*r^'<i/? 2a^5>45^^ 
ir/ui:, — !7 — KUWLO , WL1 tf%—7\s 40 

^-^U-h K9-f'<l 1 atftf1m£tlX^Z> 0 **3, 

[0 10 6] (1) H4l:^tf^h*-K(OB*6l:jfc 
35:ot, A- "0" f*— *i-ftto*>^u— hi§& 

(2) h^e— K(c^> h ])1-Z>tc£>fc^ m4lZ7fk-t 
X hfl^TEST&A^U h'*y Kl 2 so 
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£ "H" t-f-^o 

(3) h*— Kftff^Wttl-Sfc.O, -f^7-fiffi 
-^VEQ^ih^T "H" l^MttftfBLj , /BL 

j mn^ = 7>rx$ttTv^5 0 ^-KiwLi t 

^U-hiPLi Wt "L" (0V) fc:H££*LT^S 0 

(4) ftcyu-hiili "L" JcH^bfcSi, mllSx 

KitSSrffiSclHj (fi»Jx:tf 1 03 — i 04 ) 0Vty??(om 

x-—&\cmmmzs</uxmm-t-z>o mmmtxDmmx± 

(5) §l#JK#Hj|E^^^^-ya^Sg*ttlb^e- 
^So gc^tHL^— - K0>lM£f±, IT- 1 CSFR AM 

(omnvm&mismftkmmx&z. veq^ 

"L" i LT>f :*5>flF«rAHfeU AA^fc^rK 
KLt/RAS«#l:J;91Rttl:i7- K 

Vcc-OV k'</\'XmW)1-Z>a ifc^S-^u— hi^D 
PL(i0V-Vcc^#fff5o 1T-1CIFRAMI: 
^l^Tfl, ^^/l/^MDPL^V^T^^-^rt 
2 a *JB»i-S-4:fcJ:5/SNij«c#fl|«tt 

(6) jfc^V/SAPXtfVSAN ^iz ^£Stt=*b 
U BLj * fc, /BL 

hl£DPL££tfS 0 

(7) t y ^fj^t J: o ti^lij Lf f Mfi^ 
"H" t "L" ^?S^L/cm. /^^-hUSrSO'^^ 

(8) Bi^Wtfeft, P-KttfcftVRf, 

[0 10 7] fJ|E (5) 3g(OiaST\ ^-^U- h«i 
DPLIrlDT^^-^t^ 2 a SriitSC^C 

[0 10 8] loco#BSfl;{ix^iS^^^ hKflsSrtTo 

[0109] ^{c, *&w<Dm3<Dmm<Djtm^^^x 
- YWk*mk^mm^%ifaw^tev% f r AM^t^^- 
[oiio] 5t(c<o-<^:mi, m2<Dn&<ojtmxi^ 
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9 , F RAMt/l/[:f> ^^-^X.T7x^/^ y 

to l l l] ifc, ^1, fR 2 <z>*«6<o«||-x?«:, fr 

[0 112] ^2(D||lfe^ffi<OlftW^*3V^r, *^tc 
Si"*. 

[0113] * 3 <o**<&»tt-crat, try hM^OV 20 
Ki-TS-f =»9>flPlilIS^6— »itv^Bfl-**»l> (17- 

x.5 1T-lCiFRAMSrWtLT, i3^M 
[0 114] (1) v-* h*— VmVE<omi&\^9£±L<> 

(2) r-* h^e— Klc^:/ h y i-afcabter-;* hfI-S§-£ 30 
A*U b'<y K£ "H" ir-TSo 

(3) ir* h^e- Ktt^Htt^SfcO. if3/M»*ftt 

*fc % Ki^u- h^0 Vic 

(4) T'V— hMOVCiSUc^t, ^^hm#fc 

IE1*0!7- Kift&ttftlBl (Wx.tfl 03 -1 04 ) ig 
ficWt- 0 V t VPP £ <omtv^^Blf5 0 

(5) wc^tiii^ K»fp^»9, mmi*<nv- 

— hi»t>0 V-Vcc-0 V^^/W^iEft-rSo 1T-1 
CMFRAMcDiWfC&^-CJS, 

(6) *i:t^7^S:SfttftU tr^ hi»*c«*M 

(7) t y ^ l^dJ: o t i^Hi Lr - ^ tiffin 
"H" t "L" !5S»^Ufc«, hi»£¥?U^Vw* 
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(8) &±©ttfMS*T LfcflL !7-K*WLiS:4*) 

[0 115] :;t?, ^^-Xu-MISrlCT^^-- 
* * > * &mW)-f SCtCi;!? $ it £ 

[0 116] lo(7)#0g«&T*±IEO^x h^e- Kftft* 

© m m u fc su^ -e-fe ^ ^ > * co m m a ^ * 

[0117] m^^m<om 4<Dm&<Dmm\^^xm 
iiS^K*^^u«ffivpp^«t<os*fflv^?>^^fc^^ fr 

[0 118] l4(O^I^)ilT'(t ^y^icj; t)>T 
= lPia*^fefco 4>»v>i7- K««:*4RIeI%KM 

SSV^J^.tf 5. 5Vt 0 V k<DffiX*MUy— KlftSr^w 
^HKjU, try h»^©'7 f -f ^*-^*«r*WlP$*Sr 

[0119] m 4 <Dmm<Dmm^tetf z^&i&tDr * b 

x^-^^ri@^D^^5^^^T^5 0 C<7>^#, ^3^ 

[0 12 0] ^tr, 0 5^a-Jt*«M^*5<©*JS<o 
»«»cov^"CKM"J-*. H 5 icm 5 <DH3Ko^«B^*3Jt 

TEST^U rttSrSttfc^i?^^ 1 3<omtlfc 
OR^-h 1 4*^UT^u-H^ig»lHlS§ (H^-it 
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[oi2i] (i) m^m^^ttLib, m^m^m-t 

*->V "1" &m^mi-<DX*fot%tf. Y+y h££BLj flf 

ffl*$t°y hgS/BLjfiiXD^^ey ir/WcMt-t© 

(2) h^e- Kfc^v h yt^/c^C, hlf^- 
TEST^AAtr^h^^K^ "H" ii-5 0 io 

(3) "r* h^e- K»f^^BB*6f-SfeoTfi, VEQdJ; 
0lf y Mft*tBLj , /BLj Offl«>r =»9^X$ttT 

!7— KSSlWLi t/U-hlPLi iiOVCK 

(4) itulE^* hfmESTIW^y^ 1 3(CA^J$ 
tl. rttSr^ttfc^^v^ 1 3 0(ilA^OR^ h l 4 
^iM.t/i/- h^fg®j[HlgS (El^^r-f) icA^J^ix, 

-KiWLi i*0 VdB^Lfc**. -f a^^i^iaK^ 

*»cJ:9»»ia («*.« 1 03-1 04) iffigftfrov 

[0 12 2] ::t'ait^^^t IM&L-cv^:/ 

woffle, 021 (b) -ese-<fcj:9*«ffi^^ai^i- 

9, i 2 2 O t y *»li^t J: 5 ity^ t ^° 

[0123] (5) m^m^m^<om^tti^- 

^rOV-Vcc-OVi: x mW)-f £ o ¥ %. — ir /MM t? 

(6) ft^-fe^tftf^Sr-t-So 

(7) ty^HioT "H" t "L" tfSfflfe^bfc 

(8) tftf^J|»T«!7-Kitft*fi:*>T^ -fe^«MB*r3» 
^~ KSr»T"f"So ^^/i^y^m&U :7x>f/w 40 

[0 12 4] &fc|g|7, H8fcS^#*^P^(0^6<D|| 

h (£> 2 T — 2 ClFR AM£r2\M^ t LTtX h^t— K£ 
[0 12 5] SKOiMffim h^^y KfCA 
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^-f^^A^tb, tfy HIJ:FRAMt;U^t/^^ 
^±SpmHt<7)^ y^y y^i:J:5f>f ^^-/^r^ 

[0 12 6] (1) »f^<OBHtftJwifeSroT, t&t-Sc^ffi 

XfaJBfcfc£tf>tt, try hj»^iE«fi:{l(lf=:|gixfc«-& 
FRAM^Y^ o v-^<0±g|5mffi^^-t"5^s/^y 

*«t»«« (/u-^) ^e>±»«« (if y m) 

co^-fR]. ■*-4fe*>7 ? — * "0" -Cfc^o 
[0 12 7] ::tfit-;v "0" <Dir* h&i-S*^ 
^r%x.5o t^hSBLj (g|7(Ciij=0, 1 tf>£fl# 

BLj ftiJ^^^y-fe/W^fi^<Z>5Sfr35S*#3ii^So - 
Otfy h^BLj WI^^^jEO^w^SraJKW^SPx. 

[0 12 8] fly***;*— /W "1" hi-Z<D 

^U-h^PLj try hi&/BLj tcfta>5# 

ffi^^ hSBLj ft(<7>^^^y-fe/Krtt^r<^iSfr^» 

&jE<Ds<;ux&MMW)fcJ}\\x.Z> 0 KTt-/v "0" £^ 
* hi~3^^o^T<7)^f#^5;^ /W "1" £ 
tf 3/ MfcBLj *r**Utr y hi*/ 

blj \zwz&^frti±<mmxhz> 0 
[0129] (2) h^E— KSMt^iM&KiSfc v , 

yf =2 9^Xim^rVEQ^X^r^<D^X\ tfy hl^B 
Lj , /BLj OBtt>f 3 7>f XSjXTV>S. X<7-K 
»WL0 t^u— hj»PL0 (JKT>f =9-f lFj&»&fco 
^:fcjSv^l7— KiRWLi i/l/-FiSPLi ^WLO , 
PLO <t#<) t)0V(:@^$hTVN5o 
(3) h^- K(^y h y fSfc^COSOf^ h 

"H" *A^i-5 0 :^)r^ Vm^ktfV^* 1 3^?3 
<0«-^fc^AND@Kl 5 a Sr^UTtf y hi»K5>T^ 
1 6(cA;ft£*V y-KSWLO ^/l/-hSPL0 

Wx.tf i 03-104 0, jSj&wmo v£ vcc (m 

[0 13 0] t^x h^°>y KlSr»«bfc4i-&»cW:, ffiffl 

try hig/BLj ffljco^^^x^ani, ^Jx.tf i 03 - 
i 04 mmmmzov hvccb&fflvs^xmmzti 
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[0 13 1] (4) ^l#^#ii^<0 2T-2CMX*OSg 

^-KtTlTOCy-KSWLi Sr5jr*>±^\ JRl^T 
^U-h^PLi SrOV-Vcc-OVt ^>^l»t 

(5) friz* 

(6) ty^imcioTR^/u "H" fcffiu^/u w 
"L" a*«fe£Lfc«, ^U-M»*r?ftf^^»»i-* 

(7) a±Oftf^*s»Tbfclt, !7-KIMrTI»S*, 

[0132] ^(C, m 9 , IH1 0 KX^##*W<£>£5 7 

»lcj8»t5FRAMO±»«OiaKfl|ritfc*i- 0 
WJglBTtt, 1 ^jf\?y h IT — 1 CSFR AM£r#iJ t 20 
LT> h'*s> K 1 2frt>Af)£tltz'rX hlftTE 

STi:*!>y^l30fflA^ AND0K1 5a^t 
TIT y h»K5*f'<l 6(cA^-T5^^ MUSgtf)^* h 
KftflMnov^T, HI 1 0<D9>( ^ — 

[0 13 3] (1) t&«soH*&fcjfck*>, 

^SO^ltO^fe 2 T - 2 CMF R AMTIi, e> h 
^BLj fi(i:ffitif jy M»/BLj fii|l£fctEtt*lR]<£># 

WIT-lCiFRAMm 4>ffiP<OfR]#tt#ir/i^T? 

(3) T^h^-Kl^yhytSfc^lc, t^x Mf-^ 
TESTS: "H" ir* MffTEST^^y^ 

(DmJjk&ANDm&l 5 a Sr^bTtf y hgft K5>f 

IS/BLj ^a»lHl, #J;Uil 03-1 04 0, Jgjft^ 
(C 0 V t Vcc £ <DmT~/*/lsXmW)£ tlZo 

[0134] s</\s*mW}<o* >y\z&z>m%^3+ 
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[0 13 5] R^B^-Kli, SfctcttWLfciaso* 

[0 13 6] 1, HI 2fcS^#*«M^8 

omS^Bg^ov>TlftP^i-So HI1 If-. »8£>*iS 
©»W:»5 2T- 1 CSFRAM<o±S«B«oiaK«fiR 

tnm. t?v hmtt&ttmmm'tzmiz^ i^n^y 
[0137] mz<D^zm9<Dmm<Dj&mkmftz>M> 

*v^fcv^5^-efe*o -t"*t?*>, l^coy— KH5r^v 
[0 13 8] r^TBJHiftSott, hmzjEMiu. 

So 

[0 13 9] h*— KO»f^SrH*«-5«ir*r, JigB 
P> ^ D * IT y h «*t <£>SS«S# * + ^° v- * P Sr » 

m 1 2 m*sv^r, »*a*»f^<oBHe*^>f ^ v^^-^ 

[0 14 0] (1) »#a*ift^Bll*6lcafcO, 
<£>!7-K«SWLj "L" (0 V) MoTfcO, y 

"H" H^, /CAS it "L" H£i4oT*5!3, n r> 

(2) ftM3 7^fX^U ^T<^!7-KHSr^V 

(3) fcf y YmYy^^ 1 6 S:iiCT^:T<D^ 7 
Ajc^fb, [11 l^"t*J:5(-, ffiMtfy h^/BLj 

2/ MSBLj ^I^Ji-^]V^fc^ffiP^#^atfo 

(4) mz^ ±X<D\f y hiH^S:^=i7><XbT0 

[0141] ^±coa^x% ^^h^-K^^mr^, 

7"^ h^^ — >i Uit^7A-s co/B Lj ^feB 
Lj ^l&Jv>fc»«P<D#*a*i:, ^\%m%ftteftZ>7- 

(5) Ell 2<0^^ ^ v^^-^- hf^i-J: 
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b'<y KOCr^ hfi-^TESTO #AALfc«, 

J|K-9-f^l 6tCj:oT^r<OBLj fCOV-Vcc-0 

(6) *«fcii#OR*fflL*- KT\ 7K^fifA 
Dj ^rfflVNT 1 t^y h^ofE^m^i\ r^** — 

[0 1 4 2] *8 03SJfi<Z>»ttT-W:, ffitftfjy Mft/B 
Lj «d»6lfy MiBLj ffl^ffi|V^»SPSr«ta 

BLj tt«£0 V-Vcc- 0 V<Ds<jV*%WkmT&Wt 10 

•f-x* Kl«^7^ Mf^TEST 1 £*P;i 

[0 14 3] ftCil 3, 121 4*c*<5#, *38W<0* 

O^SS^ffifctett-S 2 T- 1 CiFRAM^ifSf: 
^tt50K*^S:lll 3^^i" 0 *^16<0«ffi(0|pU»fl| 

fc, try hifS*f^-r =3^>f -^m^Rxf^^^r^mit 

[0 14 4] 5fei-(H2 7(C^^T, !£3fccD2 T - 1 CM 
F R AM©«I«* t LtJSMtl: ± 5 fcWSixfcffiiB 
S1^2T - 1 caFRAMOB»««l:o^t»M 

mmt-r z>zbiz±vtetstitz 0 
[0145] mi 3\z7jk-j-m9<DMM<nmmn. ^<r>i& 30 
mmmtfFRAMx-fflm&btsjnt^ i^n^hs 
kirn** bmtoxvyy y^ia5i^7Ai* 

[0 14 6] -T^^^, giflAFRAM^f^ h^e 

7Atl/^ hSCSLt^7A7 KU^f^- KL/c 

[0 14 7] Ctufc<Oi(if^4|ia-t"Sfc«)lc % OR (UK 
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